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Abstract: The effects of different sterilization methods and repeated freeze-thaw cycles on the quality of mulberry pulp
were invesgtigated. Using unpasteurized mulberry pulp (Y) as the control in this experiment, the effects of pasteurization (TP),
high-pressure processing (HPP), and five freeze-thaw cycles on the microbial content, conventional physicochemical indicators,
anthocyanins, and flavor characteristics of mulberry pulp were compared. The results showed that both HPP and TP were effective
in eliminating mold and yeast, with counts decreasing from 87 CFU/mL to undetectable levels, whereas only minor effects were
observed on pH value, soluble solids content, and rheological properties. Among the treatments, HPP showed superior preservation
of flavor and taste, exhibiting a 40.9% higher umami intensity than TP while limiting changes in the average particle size (D, ;) to
less than 6%. Repeated freeze-thaw cycles inhibited microbial growth in both the Y and TP groups. The most pronounced changes

in quality were observed after the first freeze-thaw cycle across all groups, characterized by increases in total acid and »* value, and
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decrease in a* value, and dynamic and static rheological properties. As the number of freeze-thaw cycles increased, the contents of
total anthocyanin (1.33~1.70 mg-g ') and total phenols (11.35~12.53 mgGAE-g ') remained relatively stable, whereas variations in
monomeric phenols were irregular. Furthermore, the aroma and taste were also affected to a certain extent by repeated freeze-thaw
cycles. In conclusion, the quality of mulberry pulp was better preserved by HPP treatment. Repeated freeze-thaw cycles adversely
affected pulp quality, with the greatest deterioration occurring during the first cycle. It is recommended that the TP and HPP groups

should undergo no more than two and three freeze-thaw cycles, respectively. This study provides a theoretical foundation for the

2026, Vol.42, No.10

production and preservation of high-quality mulberry pulp.
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Table 1 The effects of different sterilization methods and freeze-
thaw on microorganisms of mulberry pulp

Ei-Fos :z;’i Y TP HPP
0 1.8x10°+152.75" 66.67 1528  80.00 % 0.00*"
1 500.00+50.00° 83.33+1528%" 90.00+ 577"
msa 2 256671528 1667+ 577" 15000 +5.77*
ACFUML) 3 1133342080 23334577  3333+577"
4 8333+1528%" 30.00+10.00" 220.00 + 2646
5 160.00 + 34.64* ND 60.00 = 10.00*"
------ 0 86.67+15.28" ND ND
1 8333+1528" ND ND
FHAA 2 3333577 ND ND
B
ACFUML) 3  26.67+5.77% ND ND
4 16.67+5.77° ND ND
5 46.67%11.55° ND ND

E: Y. TP A2 HPP 2 AIRA AL E., ERFHLELLS
EAEG R, “ND” ARatd; £4RH n=3, TR —454
69 BT AR BAT AT 04T, R —18AFe) RR FBA T AR B &
M £ (P<0.05).
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B, FJEEEBY (TSS) MEE (TA)
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Mo ERIMFETHIF LI, TP M HPP AbF A 4
vt pH A1 TSS TG & 3 52 .
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11.07. 1024 £110.75 g'kg ', TR EEER, XEK
N 4 25 O 5 8 e TR R A b T 5 7 TSI O 7 PR R AT
K. SR, Y TEEE 1. 3 IKIGRLE RGN 5.3 ; TP
B 1~2 R TR T &, 2R 3~4 IRIGRBEA K, 26
5 RRRLA BT B HPP 28 1~2 IRVRRLA TR B3 BTt
BAKTIS, 281 KGR GERCONE 3, "TRen R E 2
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Table 2 The effects of different sterilization methods and

freeze-thaw on pH value, TSS and TA of mulberry pulp

AE* [ERSAH Z 5, HEVNT 2, KA [A] B A0 fik
Qb BT S L (1) 5T PRI IR AT DL ) 508
K3 FARARXEARNMREFHNRERBENINT
Table 3 The effects of different sterilization methods and

freeze-thaw on color difference of mulberry pulp

e
547 j\zi Y TP HPP
2
0 376 £0.01°  3.73+0.02° 3.73+0.01°
1 3.76 £0.01  3.76+0.01°  3.74 £0.00°
2 3.69+0.01%  3.74+0.01° 3.70+0.01
pH 14 ) )
3 3.65+0.01'  3.67+0.00" 3.65%0.01'
4 3.78£0.01°  3.77£0.01™ 3.76+0.01
5 3.77£0.01°  3.80+0.00° 3.78+0.00°
0 11.22 £0.08"°  11.20£0.09° 11.34+0.13"
1 11.31£0.02°  11.28£0.03" 11.26£0.12%
TSS/ 2 11.30 £0.03°  11.26 £0.04" 11.21 +0.03®
(Brix) 3 1131£0.13%  11.30£0.04° 11.23+0.02"
4 11.27 £0.06"  11.08 £0.02° 11.23 £0.03"
5 11.33 £0.06® 10.65+0.01° 11.06 +0.04°
0 11.07+027*" 10.24+0.00® 10.75+0.72°
1 13.57£0.72° 11.71 027" 12.16 £0.00°
TA/ 2 10.69 £0.27° 11.01 £0.18°" 11.84 +0.45"
. -1
€ke) 3 1203018 10.62+0.1 10.94 % 0.63"
4 11.39+0.18™" 10.30+0.27® 10.69+0.27
5 10.88 £0.36™"  9.79£0.09° 10.62 +0.36°

i BRRH =3, TR —4547 09 PP A AR AT AT
Fl—3A70 AR F B A T AA R HFHZF (P<0.05).
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2 L A a* (R0 b* {55 B RS FE 5 I SR
FE. AGREEMBEERE. NR3IHaLUER, 5k
A F AR, ASE AR 7 (TP A HPP) R )
L* [ FT F%, HPP 41 o* RS T, TP 1 HPP 41
b* AR R, B

TEURRIE IR FE R, SR ALERAE I L* {E AR bR
AR, WERE W TR R E O A B I, [
FE R IR RO 6 RE B ARSI A K 5 o (BFESE 1 IR
RS N R, RS S R OR AR R E ¢ % EIITE
51 RIGRE PR T, X ATRER S 1 IR RLMES R
KACCETT PR, SEBERK AR ARTER,

AE* (SR FTEOFEM AWML, MBI 2 1Tk
AR AT WAL . TE R B VR AR T, 3 AR

Bk ARk Y TP HPP

0 22.89 +0.19™ 21.39 £0.44* 21.80+0.08°
1 23.03 £0.25° 22.56 +0.20" 22.81 +0.13"

. 2 22,98 +0.19® 22.74+0.07" 21.30 = 0.49°
L 3 22.77 +0.04™ 22.52 +0.24> 22.58 *0.06™
4 2243 %0.06° 22.45%0.06° 22.60 +0.02"
5 22.83+0.01™ 22.80 £0.21™ 22.71 £0.10™

0 245+0.04° 239+0.03" 2.56+0.04"

1 1.98£0.06" 1.71+0.02" 1.92+0.01¢

. 2 2.00£0.08° 1.67+0.05 1.83%0.00®
i 3 2.15£0.02° 1.77%£0.03*"  2.06+0.00%
4 2.03£0.00° 1.80+0.02*" 1.97 +0.06™

5 2.01£0.03* 1.80+0.08" 1.95+0.02*"

0 -0.18+0.07" 0.18+0.15*  0.23 +0.06°

1 0.54£0.13°°  0.55+0.01°° 0.47 £0.02*"

. 2 0.57 £0.08™* 0.45+0.10"" 0.32+0.12®
i 3 0.67 £0.06™ 0.52+0.08 0.68+0.07"
4 0.81£0.04° 0.42+0.06" 0.63 +0.06"

5 0.75£0.06" 0.64 %0.02"" 0.67 +0.06™

0 0.00 0.00 0.00

1 0.94+0.07 1.41+0.17" 1.23+0.12"

. 2 0.89£0.06° 1.58+0.32° 0.97+0.23"
AR 3 0.92+0.10" 1.35+0.15" 1.04+0.06"
4 1.17£0.12™ 125£031™  1.080.03™

5 1.04£0.07  1.61£0.15° 1.19+0.02"

E: TR =3, AR — 48R PR 2B AT AT
Bl — AR AR F AT AR R EMEZF (P<0.05).
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Fig.2 The effects of different sterilization methods and

freeze-thaw on anthocyanins of mulberry pulp
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Fig.3 The effects of different sterilization methods and
freeze-thaw on total phenol of mulberry pulp
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Table 5 The effects of different sterilization methods and freeze-
thaw on the average particle size of mulberry pulp

Rk
KA

fat

/um Y

TP

HPP

0 78.86%0.85"
1 8270%0.55°
81.16 + 1.47"
81.56 +0.46™
83.16 £0.45°
82.01 +1.18%

68.08 = 0.60'
64.85 +0.49
64.32 +0.88
64.10£0.97
65.71 £ 0.62"
66.59 +0.29"

80.19 +1.38"*
78.41 £0.99°
75.13 £0.82%"
73.88 +0.21"
79.34 £ 0.14°
76.95 0.70"

oclu A W N

266.50 £ 2.54%
278.03 £0.93"

—_—

273.93 + 4.42°¢
271.70 + 0.95%%*

280.43 +3.96"

232.10+3.16'
226.03 +2.34"
221.03 +1.87¢
219.73 £3.41%
228.10 +2.70"®
232.90 +2.95'

280.60 = 4.72*
276.70 + 4.62"
267.70 = 1.73°
263.70 +2.96°
283.30 + 0.84"
276.40 + 3.14™

2
3
4 282.20 £2.32°
5
0

599.00 + 4.65°
1 608.70+6.61™
604.20 = 9.65
613.67 +2.82"
626.33 +6.05"
614.97 + 5.46™

543.33 + 10.43°
544.33 +9.24°
524.57 £ 11.44°
532.83 £ 6.41°
533.53 +5.10"
545.03 +10.98°

637.73 £ 6.99"
619.33 +9.45"
629.67 = 1.98%
607.97 +9.50™
629.43 + 6.64"
614.67 +8.97"

olu A W N

308.17 + 1.93%
1 316.83+2.10"
313.23 +4.79™
314.70 = 1.18™

VS A ]

323.27 £2.20™
5 319.43+£3.28"

274.27 +4.25°
270.80 + 3.42°
262.57 +4.25'
264.80 +3.35
269.40 +2.53
274.70 + 4.26°

325.17 +4.62°
317.80 + 4.82°
315.57 +1.59™¢

307.70 = 3.70°
323.73 £2.05%
316.23 +3.83"¢

A ERRM =3, AR —IEAR BT A B BRATR I AT

Bl —#F AR F AT AR R ERZF (P<0.05).
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